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Foreword 


Medical studies were undertaken on the stress experienced by 
the cockpit crew working the short routes in Europe and a special 
attempt was made to discover whether signs of a summation of stress 
due to fli^’ht work become visible d\iring, a circuit of several days. 

For this purpose the pulse and respiratory rates were deter- 
mined for 22 crew members as an indication of the acute stress 
occurring during the flight and the amount of "stress hormone" 
excretion in the urine as an indication of the extent of total 
stress in an extended study period. 

The resiilts point to a medium high stress for flying in the 
cockpit of a B 737. It was also noticeable that even during the 
sleeping periods between the flight assignments there was an in- 
crease in the excretion of the stress hormone. No indication was 
found, however, for an increase in stress over the duration of 
the circuit. 
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I . Introduction 


Zi* 


The reactions of the human organism during flights of com- 
mercial aircraft have repeatedly been the object of extensive medi- 
cal stu lies. In such cases, however, more attention was paid to 
the routes with long flight times, time shifts or changes in climate 
n,5,r,l3, U, 22, 29, 30, 32, 33, 36 ]. 

The special type of working stress due to multiple take-offs 
and landings during one day aind the effect of repeating this stress 
several tines within a short period during a circuit of several days, 
as is characteristic for a flight assignment or* the European routes, 
has hardly been the subject of medical studies up to now as far as 
we know. Therefore, in the studies reported upon here the main 
emphasis was placed on the applied methods and the type of evalua- 
tion on the estimation of the influence of the factors typical for 
this work. The aim was especially to explain within the framework 
of the situation given at the place of work in such studies whether 
the psychophysiological reactions of the members of the cockpit crew 
provide any indication for a summation of stress in connection with 
flying during work. 


* Numbers in the margin indicate pagination in the foreign text. 

^ ^The studies were carried out as a commission of and the the 
support of the German Lufthansa, These were planned, prepared 
and carried out in 1970—72 by the chairman of section 02 at that 
time. Prof. H. Brttner, with the cooperation of P. Kuklinski. 
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II, Sxperiroental Arrangement and Methods 


?or this purpose measurements were taken for evaluation with 
22 crew members (11 pilots and 11 copilots) from December 1971 to 
October 1972, divided about in half on two different circuits of 
the German Lufthansa flight plan XD and GD with the B 757. Mea- 
surements were carried out on t:5ree days each during these circuits; 
since three to five scheduled flights are carried out each day, 
physiological and biochemical data were gathered 'n this program 
during a total of 124 different f li :hts with just as many take-offs 
and landings. Table 1 provides a survey on the flight paths of the 
two circuits. 

Pulse and respiration rate were determined continuously on each II 
flight from the time of readiness for departure (the last 5 minutes 
at the terminal during flight preparations) \mtil about 5 minutes 
after taxiing (back to the terminal). A measuring device has been 
developed for these measurements, permitting simultaneous measure- 
ment of both paraimeters without obstructing the work of flying 
for both pilot and copilot by using a nose clip for continuous re- 
cording in rate per minute [2,311. An approximate total of 15,000 
pulse rates and about as many respiration rate measurer .its were 
carried out with this procediure. 

Moreover, urine of both crew members was continuously collected 
during the entire circuit and later analyzed with known methods 
[5,28] for the content of so-called stress hormones (adrenaline, 
noradrenaline and corticosteroids). Urine samples were taken in 
this case in the morning immediately after arising, 15 minutes 
before the Irst taJce-off and 15 minutes after each landing, as 
well as a'' ti onally three hours after the final landing and shortly 
before re for bed, A total of more than 700 urine samples 

were cr. h ' '' almost 5,000 chemical analyses were carried out 

on t sai'-iuxfcu. 

It was necessary to c.'p.ra' ; -n. e pulse and respiration rates 
in tne following aiunoer 'n order to estimate the reaction of circu- 
lation and respiration dirri ig different phases of a flight: 



(a) Before take-off (from the start of measurements until 5 
minutes before the machine takes off from the runway); (b) during 
take-off (from 2 minutes before the take-off until 6 minutes after 
leaving the ground); (c) during the flight; (d) during the landing 
(from 6 minutes before landing on the ground until 2 minutes after 
landing) and (e) after the landing (from 3 minutes after making 
contact with the ground until 5 minutes after conclusion of taxiing). 

When the physiological parameters are classified in phases in 
the following, the number is always the arithmetic mean value of 
pulse and respiration rate for the individual phase. In addition 
to this classification according to flight phase, the pulse and 
respiration rates were also considered separately for the minute 
of touch-down on the runway. 

The excretion of stress hormones in the urine was either com- ^ 
piled for the entire day or separately for the phase of cockpit 
activity and rest period at night, Control values were compared, 
gathered from a group of subjects carrying out an activity comparable 
to that in the cockpit, but around the clock every three hours for 
45 minutes. T’he procedxire differed only for the periods of sleep, 
as results were employed here for a comparison with standard values, 
gathered from the crew members themselves during a sleeping period 
in the night before beginning the flights, i.e, without previous 
flying work. The percentual deviations from the control values 
calculated for each hormone in the study were compiled to a stress 
index by averaging. 


Finally, statements of the crew members on weather conditions, 
special events and the subjective perception of stress were gathered 
jy means of a questionnaire, permitting an estimation of the degree 
of difficulty of various flights by averaging the data. 

III. Presentation pX the Results 

The results gained from the preliminary evaluation of the data 
with the above-described methods can be described as follows. 
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1 , Personal Data of the abjects 


Since age and flight experience may modify the physiological 
reactions during flying, it is necesssiry to survey these parameters. 
This information is contained in Table 2. It can be seen from the 
table that in both circuits the pilots paucticipating in the studies 
were older and had more flight experience than the cjpilots, as ex- 
pected, On the average, the age difference was about five years 
and the difference in number of hours flown corresponded to the 
ratio 1:4 for all aircraft types, or 1:2,5 for the B 757 (table 2, 
itift-hand portion), 

howe fact that age and number of hours flown hardly 

differ when these are classified according to the individual acti- 
vity in the cockpit at the time of our measurements (Table 2, right- 
hauad portion) is of greater significance for the subsequent estima- 
tion of physiological changes. The reason for this may be found 
in the fact that pilots suid copilots had flown the machine in about 
the same distribution during the flights employed in the measure- 
ments, Accordingly, it cannot be expected that age and flight 
experience have a substantial statistical effect on the average 
values of the physiological reactions. 

The situation is different, however, for the variations in 
the values of pulse and respiration rates at rest (also Table 2), 
ascertained both between the two circuits on the whole and also 
between the group of the persons involved in flight and those not 
flying. In both situations, in the first case probably stemming 
from different times of the day (XB; mornings, SD; afternoons) 
and in the second probably based more on individual differences, 
an effect on the size of the values measured later during flight 
may be expected, 

2, Pulse and Respiration Rates 

The pulse amd resiration rates, given for the circuit XB in 
Table 3 and for the circuit ZD in Table 4, is connected in a 
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charact3ristic maumer both with the vaxious phases of a flight and 
generally also with the individual work of the subjects in the 
cockpit. 

I'he highest values were found in both cases "during the landing" 
and then especially in the minute of "touch-down on the runway". 

For the circuit XB these average 85 to 90 beats/min aind 18 to 19 
breaths/min and are higher on the average of 10-15 pulse beats and 
2 breaths for the circuit ZD with 95-105 beats/min and 21-22 breaths 
per minute. 

This difference between the circuits is probably based mainly 
on the difference in time of day of the circuits. From our studier 
with P 104 pilots in a flight similator L 15,263 , we know that both 
the values at rest and the reaction of circulation and respiration 
are lower in the morning than in the afternoon for an objectively 
identical flying activity. Therefore, it is not necessary to assume 
that the afternoon circuit, ZD, involved more stress than the circuit 
XB flown in the morning solely on the basis of the differences in 
rates of pulse and respiration. The statements of the crew members 
about the subjective response to stress contradict such an assximp- 
tion, as will be discussed later. 

Furthermore, it is noticeable in the compaxison between the 
two circuits, that the difference between actively flying and non- 
flying pilots amounts to 7 beats per minute during the afternoon 
circuit in the middle of the flight and even rises to 12-17 beats 
per minute for the most strenuous phase of the flight, the landing^ 
while there is practically no difference between flying and non- 
flying personnel on the average in the XB circuit during the morning 
and the oifference even for the landing phase only amounts to 3-5 
beats per minute. 

An exolanation for this difference is provided by the differ- 
ences in the values at rest (Table 2), already mentioned in III.1, 
Personal Data of the Subjects. When these differences axe standar- 
dized by calculating the percentual increase in pulse rate during 
the ■flight compared to the values at rest (Table 5), the increases 
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in the morning flight are still all less because of the time of 
day; however, the differences in connection with flying or non- 
flying personnel do become clear. 

In connection with the question of a summation or accumulation 
of stress over several days, it is interesting to note that pulse 
and respiration rates, as well as the percentual increases of these 
parameters on various days of a dircuit are very similar and cer- 
tainly do not make any tendency connected to the duration of flight 
work apparent. 

3, Hormone Secretion 11 

When the hormone secretion is compiled in the manner given in 
section II on methods and a stress index calculated from the per- 
centual deviations of control values, an increase in hormone secre- 
tion results for both circuits in the time "during the flight", 
amounting to 100 ia on the average for circuit XB and 68 for cir- 
cuit ZD (Tables 6 and 7). These changes are also found, although 
to a lesser degree, in the values for the day, i,e, for the 24 hour 
period with the increases here amounting to 63 or 36 ia on the 
a-’erage for all flights (Tables 8 and 9). Finally, there is also 
an increase in hormone secretion during the "periods of sleep". 

The increase here in comparison to the controls is 28 for XB 
and 20 ;o for ZD, but this is relatively slight in comparison to 
the two other phases (Tables 10 and 11). It is still remarkable, 
that even in the rest periods between the flight work there is 
an increase in hormone secretion for both circuits compared to the 
amount in the night before the flights. 

The relative higher rates of hormone secretion observed in 
all three phases on the average for the XB is noticeable in the 
comparison between the two circuits. The difference for the stress 
index during the flights and in the 24 hour value amounts to about 
30 ,1, for tne periods of sleep 8 

This difference can first be considered the expression for a 
greater stress on the crew of the circuit XB. However, the effect 
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o f the daily rhythm on the results cannot he disregarded in this 
connection, just as in the reactions of circulation and respiration. 

It was proven in studies with military pilots [?,8] , that differ- 
ences in hormone secretion depending on the time of day also result 
as a reaction to the stress of flying. According to the results of 
these studies it must be assimed that slighter increases in ^ ■ e /1 0 
secretion may be expected for individual hormones after fli js 
during the afternoon (12:00 to 6:00 p,m, ) and evening (6:00 p.m. 
to midnight) than after flights during the morning (6:00 a.m. to 
noon). The rather sli ht differences in the total secretion ot 
hormones between the circuits in our studies are therefore explained. 

The different distribution patterns in the reaction of the 
two hormone systems corticosteriods and catecholamines (adrenaline 
and noradrenaline), however, cannot be explained well by the effect 
of daily rhythm. The fact that the secretion of catecholamines 
(with the exception of tiie” conjugated adrenaline"), above all, 
increased much more in comparison with the controls for the flights 
of the XB circuit than for the ZB flights (Tables 6 and 7) and a 
similar difference also remains for the total secretion on one day 
(Tables 3 and 9) points more toward the greater stress index for 
the XB at least partially also caused by a greater work load on 
the crew. In this connection it is also significant to know that 
according to the subjective evaluation of the crew 35 A of the 
take-offs aind landings of the XB circuit required concentration 
and effort beyond the usual amount, while that was the case of 
1 4 A’ of the time in circuit ZD, 

When the stress index of individual flight days are compared 
with one another, it becomes apparent that the increase in hormone 
secretion on the first flight day in both circuits in the three 
phases compiled by us, flight - 24 hours - sleep, was less marked 
in comparison to the control values than on the two subsequent 
days. It may then be assumed that the first day of flying is 
generally less stressful than the other days. I-ioreover, an in- 
crease in stress can also be assumed from the difference between 
the first amd the second day, in contrast to the findings for cir- 
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culation and respiration, but also an increase in the work load in 
the course of the circuits. Contradicting such an assumption, 
however, is the fact that the stress index demonstrates more of 
a drop than a rise on the third day of both circuits; in addition, 
the subjective statements on the difficulties occurriag on differ- 
ent days of the flight do not point to such a tendency. Therefore, 
it is probably more correct to assume that the observed differences 
are more accidental, insofar as the first flight day examined by 
us had the lower work load in both cases. This assumption is sup- 
ported by the fact that the period defined by us as the first 
flight day was already the second day of flight work foi a portion 
of the examined crew members and higher rates of hormone secretion 
were observed in this crews on the first day of work than later. 


%<urchen— -Zurich Frankfurt Zurich *— Frankfort 
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104 
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Pulse Rate and Hormone Secretion for Crew Members 
of the B737 on the European Short Routes 

( Hormone Secretion of the Control Group) 


Key: a, Munich 
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IV. Discussion of the Results and Conclusions 

Pulse and respiration r" -es are physiological parameters, 
reacting almost immediately to an acute load on circulation and 
respiration and generally return normal rapidly after this 
load is no longer present. Behavior dui’ing muscular work is typi- 
cal for this response. 

Even Without appreciable physical work, however, these para- 
meters may cheinge with a psychological-emotional stress, e.g. as 
the result of increased concentra on, a greater feeling of res- 
ponsibility or the subjective experience of risk without a corres- 
ponding rise in functions in circulation and respiration, for ex- 
ample because of increased need for oxygen. Pulse and respiration 
ratrs aire then increased as the expression cf an increase in exita- 
tion of the central nervous system and, in this sense, provide an 
indication of the size of a psychological stress not connected with 
muscular work. 

The stress hormones also permit such an assumption in a simi- 
lar manner, but in contrast to the pulse and respiration rates 
these hormr'nes nrovide more indication of the extent of the total 
strees in the period of ^he study instead of the short-term acute 
stress, when they are measured in urine and not in the blood. Pig. 

1 '.enonstrates this 'oint in a characteristic marner, using the 
example of a flight day in our study. 

When under this aspect the level of the rulse ra"*?? measured 
by us in the cockpit of the B 737 is now compared with the pulse 
rates observed in other aiicraft types and during ncn-flying work 
loads (Tables 12a and 12b), the results are medium-sized changes, 
on the average, but even in the maximum values at the time of 
highest stress during the landing. The increase in puls® rate of 
20-35 > over the value at rest is easily comparable to the value 
measured in the cockpit of a B 707 19 or a DO 27 [111 amd is 

only slightly more than the pulse rates observed at the wheel of 
a passenger car during long trips [18] during intensive adminis- 
tration work [ 24 ], 
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It should now he clear that the estimation of the intensity 
Ox stress through physiological reactions is the result of the 
amount of work load on a certain person. It is therefore obvious 
that the amount of stress is modified by individual factors. In 
this connection, the fact iaust be noted, that the physiological 
reactions to the same amo’int of external load become smaller as 
experience is gained [10,11] , but also that in individual cases 
reactions deviating considerably from the average may occur. 

For example , it can then be understood that continueusly high 
pulse rates (on the order of ''Extreme Individual Values” as these 
are listed in the table for our studies) were measured for a 24- 
yeair-old inexperienced copilot, who had a total of only 530 flight 
hours (280 in the B 737), and similar values of a 28-year-old co- 
pilot with more Q-ight experience (3770 hours flown, 570 hours in 
the B 737), flying under supervision d\iring the entire circuit, 
i.e, carrying out an inspection flight. 

The determination is interesting for the cause of the reaction 
of pulse and respiration rates and therefore for the type of work 
load that even in the flight simulator very similar pulse and res- 
piration values are measured, as we discovered in cockpit of the 
B 737 [10,15,26]. In our opinion two conclusions may be drawn 
from this: 

1 , Instrument flight in a simulator is "genuine" flight in /1 4 
the aspect of demands on the individual, disregarding 

the fact that a subjective feeling of risk generally is 
lacking. The differnece between the pulse rates in an 
F 1C4 simulator auid military jets flights (no, 8 and no, 

3 in Table 12) illuminate what is meant in this connection 
with the influence of the feeling of risk. 

2. The increase in pulse rate during routine flight work in 
the cockpit of a B 757 is caused less by a feeling of 
r'sk, but more by the increase in concentration levels 
and sense of responsibility. 

1 0 



This becomes clear in a comparison with activities accompanied 
by a large subjective experience of risk; professional racing drivers 
27] f parachutists [ 21,25 1 , some helicopter maneuvers [ 20] and, as 
mentioned above, flying military jet aircraft in difficult missions 
[12, 16 ], The pulse rates observed in these cases often are around 
200 beats per minute, although only for a short time; on this order 
of magnitude they no longer have anything in couunon with the pulse 
rates observed in the group of comparable activities, to which fly- 
ing a B 757 also belongs. 

In estimating the reaction of the stress hormones, similaur con- 
clusions are reached, although there are fewer possibilities for 
comparison here than for pulse and respiration due to a lack of 
appropriate data in literature. 

In especially risky activities such as car racing [271 and a 
six-hour transatlantic flight with jet aircraft of the type 104, 
requiring several refuelings in the air [17l » the increase in se- 
cretion of catecholamines approaches 700 ,o (for P 104 pilccs) up 
to almost 20 times (for car drivers in races),. In comparison, the 
increases for the B 737 crew (in extreme cases on the magnitude of 
180 ;o) are almost modest. It should not be forgotten, however, 
that the two above-mentioned examples are extreme loads and it can 
be reasonably predicted that no person could be subjected to them 
constantly at work, i,e, in a 5-day work for years. 

Measurements comparable to our studies have not yet been tinder- 
taken in civilian aeronautics, especially in relation to routine 
assignments. In comparison, there are already some results in the 
area of ndlitary application; however, these results are not us- 
ually comp.-rable directly to the situation in our study, since 
they are in connection either with individual short flights of 
30-45 minutes [4,23,34»351 or with long flights with a maximum 
of one stop [ 7,8 ] , 

Increases in the secretion of noradrenaline and adrenaline of 
up to 200 'o were observed after short fli ,hts, which were not combat 



assignments, tait rather training flights. In the case of long mili- 
tary flights, a differentiation must first be made between transport 
aircraft and combat aircraft. In routine assignments of transport 
aircraft there may be increases in the hormone secretion in the 
crews, comparable to the values we ascertained, but some are aJLso 
consideraoly above our values (adrenaline up to 520 /&, noradrena- 
line and corticoids up to 200 ; 0 . Flights with combat aircraft 
(flight times of 6 or more hours) generally led to higher rates 
of hormone secretion, amounting up to the above-mentioned 700 5^, 
depending on the degree of difficulty [17 ] , 

Especially interesting in this connection are studies carried 
out with air traffic controllers L9l , After a shift of seven 
hoars - a period of time approximately in agreement with the flight 
working times studied by us - increases in hormone secretion up to 
400 were found, i,e, 2.2 times higher than the levels we observed 
in the present study. 

In suxamary, the conclusion can also be reached on the basis 
of the rates of hormone secretion that flight work on the B 737 
represents a medium professional work load. Also, no evidence 
was found here that carrying out this work for several days d\iring 
a circuit systematically alters the physiological criteria measiired 
by US in the direction of increasing stress. 

The fact that the rate of hormoKe secretion d\iring the circuit 
also stays high during the night may result from a slow reduction 
in the raised level of activity during the day, or a raised level 
of activity of this system may even continue during the ni ;ht in 
comparison to the behavior before the flights. Further studies 
are necessary to find an answer for this question. 

In the same connection, however, it saems necessary for us to 
point out that the hormone secretion in the night before beginning 
the circuit was in good agreement with the values of the control 
group. The rest periods at home therefore apparently lead to 
sufficient relaxation. 
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abelle 2 Alter, Plugstunden und physiologische Ruhewerfce der an den Unterauchungen beteiligten ■ 

^ — Besatzungsroitglieder, (Mittelwertes Alter in Jahre, Pula- und Atemfrequenzen pro Minute) 

* * . , • • • , • - 
See following page (19) for Key. ’ . * . • . 
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OF POOR QUALITY 


Key for Table 2, 


page 18; 


a. Divided according to rank 


b. Divided according to activity 


c. circuit 


d. age e. 

f . at rest g, 

h. respiration i. 

j. non-flying k. 

personnel 


total hours flovm on a B 737 
pulse 

actively flying personnel 
all personnel 


1. Table 2; Age, hours flown and physiological values at 
rest for the crew members participating in 
the studies (average values: age in years, 

pulse and respiration rate/min). 


Key for Table 3, page 20; a. Average for the flight phases indicated 

(beats or breaths/min) 

b. Average for all flights on one day 

c. Before take-off 

d. During take-off e. While travelling 

f. During the landing g. after landing 

h, total average i. During touch-down 

D . day k , actively flying personnel 

1, non-flying m. total average 

personnel 

n. msixiffium individual values 

o. Table 3: Pulse and Respiration for Cockpit Crew Members 

on the Short European Routes. 

Circuit 

Key for Table 4, page 21: Same as Key for Table 3 (above) 

with two exceptions 

0 , Table 4: Pulse and Respiration for Cockpit Crew Members 
on the Short European Routes 

Circuit ZD 
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Key for Table 5, page 22: a. Average for the fli^t phases inoicated 

(Increase iii % of value 4t rest) 

b. Aversige for all flights on one day 

0 , Before take-off i, Buii’' touch-down 

d. During tadce-off j. day 

e. While travelling k. actively flying personnel 

f. During the landing 1. non-flying personnel 

g. After landing m. total average 

h. Total average n. maximum individual va3.ues 


o. Table 5: Pulse Rates for Cockpit Crew Members on the Short 
European Routes (data in 

Circuits XB and ZD 


p, circuit 


Key for Table 6, page 24: 

a. Data on amount in micro grans /hour 

b. Increase in comparison to control group in fo 

c. day 

d. unconjugated g. noradrenaline 

e. conjugated h, average 

f. adrenaline 

i. Table 6: The Hormone Secretion during the Plights and the 
Percentual Increase in Comparison to the Control 
Cro''n (N = 10). 

Circuit XB 


Key for Table 7, page 25: Same as Key for Table 6 page 24 (above) 

with one exception - 

i. Table 7: The Hormone Secretion during the Flights and the 

Percentual Increase in Comparison to the Control 
Croup (N « 12), 

Circuit 2D 
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Key for 
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K, 


Table 8, page ?S: 

Data on amount in aiicro grams /hour 
Increase in comparison to control group in 
day 

unconjugated 

conjugated 

adrenaline 

noradrenaline 

average 

Table 8; Hormone Secretion per Day and the Fercentual 

Increase in Comparison to the Control Group for 
Cockpit Crew Members on the Short European 
Routes (N a 10). 

Circuit XB 


Table 9, page 28: same as for Table 8, page 26 (above) 

with one exception 

Table 9: Hormone Secretion per Day and the Perceutual 

Increase in Comparison to the Control Croup for 
Cockpit Crew Members on the Short European 
Routes (N » 12). 

Circuit 2D 


Table 10, page 29: 

Data on amount in micro grams /hour 

Percentual increase in comparison to sleep periods before 
the flights 


h. 


Before flying 
After first flight day 
After second flight day 
unconjugated 

Table 10: Hormone Secretion durirg the Periods of Sleep 
after the first and second flight day and the 
percentual increase in comparison to periods of 
sleep before the flights (N » 10), 


conjugated 
adrenaline 

i . noradrenaline 

j, average 


Circuit XB 
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Key for Table 11, page 30: 

a. Data on amount in micro grams/bour 

b. Percentual increase in comparison to sleep periods befo.'’e 
the flights 

c. Before flying g. conjugated 

d. After first flight day h. adrenaline 

e. After second flight day i. noradrenaline 

f* unconjugated j. average 


k. Table 1 1 ; Hormone Secretion during the Periods of Sleep 
after the first and second fligjit day and the 
percentual increase in comparison to the periods 
before the flights (H = 12;. 
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Key for Table 12a, page 32 : 

1. Pulse rate/min 

2. activity 

3. group average - absolute value in 

4. extreme individual value - absolute value in ^ 

5 . authors 

6. flying/pilots 

7. German Lufthansa B 737 

8. our own report 

9. in the morning 

10. total flight 

11. approac/i 

12. minute of touch-down 

13. in the afternoon 

14. immediately after landing 

1 5 . individual values 

16. military jet 

17. training flights 

18. total - take-off 

19. total - landing 

20. military jet 

21 . bombing iiissions 

22. when releasing the bombs 

23. take-off or landing 

24. helicopter 

25. rolling start 

26. rolling landing 

27. vertical take-off 

28. vertical landing 

29. autorotation 30, with power recovery 31. without 

32. flight instructor 

33. percentages as increase in relation to the value at rest 

34. Table 12a; Pulse Rate in various Aircraft 
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6 .i raulator 
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Anflug» Middle Marker 93 


Bigene, 1968 
(Kroll, 1972; .Ste 
hoff, 1972) 


Kasbrook»et al., 1 


15 is chirmspr ingen 

.^10, Springer m. groSer Br- 
fahrung; 

Arj Freier Pall 1 

-jg dffnen . 1 

^ ^ Landen 1 

20 Springer ohne Erfah- 
rung: 

1 8 Of f nen 


Shane « 1968 


Reid et al., 1970 


►1 yraftfahren 

22^2, PKW-Langstrecke 

23l5* Berufsrennfahren; 

24 tetzte Hin. v. Start 18O 

23 WShrend Rennen 

26 

9714. Gleiche Personen wie 
bai 7: 

28 Verwaltungsarbeit 87 

29 Kraftfahren 85 

30 Essen 90 


10-20 110 


Meyer, 1969 

Taggart; zit. n* P 
aureum, Boehringer 


Shane, 1967 


31 ?rozeatzahlen als Steigerung 
gegerOber dent Ruhewert. 


See following page for Bey, 


a^ Tabelle I2h Pulsfrequensen bei verschiedenen TEtigkeiten. 
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Tatle 121>, page 54: 

Pulse rate/min 
Activity- 

Group average - absolute value in 

Extreme individual value - absolute value in j* 


Key for 

1 . 

2 . 

5. 

4. 

5. authors 

6. fli^t simulator 

7. P 104 instrument flight 

8. our ovm report 
9* in -the morning 

1C, total flight 

11. in the afternoon 

12. simulator 

13. single-engine aircraft 

instrument flight 

14. approach 

1 5 . parachuting 

16. parachutist with much 

experience 

17. free fall 

18. opening the parachute 

19. landing 

20. parachutist without 

experience 


21 . car drivers 

22. long-distance trip in a 

passenger car 

23. professional racing drivers 

24. last minute before the steart 

25. during the race 

26. others 

27. Same persons as under 7 

28. administration work 

29. driving a car 

30. eating 


31 . percentages as the increase in relation to -the value 

at rest 

32. Table 12b: Pulse rates during various activities. 
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